This study explores whether patients with Type 2 diabetes mellitus have higher drug use as compared to patients without diabetes over a time period prior to and after diagnosis of diabetes. A case-control study compared drug use of patients with a future diagnosis of diabetes (cases) with patients without a diagnosis (controls) based on community pharmacy records. Cases had used oral hypoglycaemic drugs during 2006. A repeated measures analysis calculated the mean number of packages and costs of drugs in cases during the two years prior to diagnosis and the first year following diagnosis and in control patients during three years. Volume of drug use was expressed as the number of packages consumed by a patient. Drug costs were based on the public price. Our dataset covered 2,697 patients (899 cases and 1,798 control patients). The mean annual number of packages and costs of drugs increased over time for cases and control patients (P<0.001). In patients with a future diagnosis of diabetes, the growth in drug use and costs over time was more pronounced than in control patients (P<0.001). Higher drug use and costs were mainly observed for cardiovascular drugs, antidepressant and antipsychotic drugs, and drugs related to gastric acid disorders. Patients with a future diagnosis of diabetes have higher drug use and costs prior to diagnosis than control patients. Drug use could be an indicator to trigger active monitoring for Type 2 diabetes mellitus.
Introduction
Type 2 diabetes mellitus is associated with significant morbidity, impaired quality of life, mortality; and is a primary driver of healthcare costs and lost productivity. 1, 2 It is estimated that nearly 170 million people had diabetes worldwide in 2000 (of whom 90-95% suffered from Type 2 diabetes) and this number is expected to increase to 365 million people in 2030. 3 Healthcare costs associated with diabetes amounted to 11.6% of public healthcare expenditure in 2010 worldwide. 4 In the United States, approximately $116 billion was spent on the treatment of diabetes and its complications in 2007. 5 This clinical and economic burden is not limited to patients who have diabetes, but may already be imposed on patients prior to diagnosis (so-called pre-diabetes). Indeed, patients with a future diagnosis of diabetes have a higher probability of endocrine, metabolic, nutritional or cardiovascular disorders as compared to control patients. [6] [7] [8] Multiple studies have supported the effectiveness of lifestyle interventions and metformin therapy for patients suffering from impaired fasting glucose and/or impaired glucose tolerance, conditions where blood glucose levels are higher than normal but not high enough to be classified as diabetes. [9] [10] [11] [12] This underlines the importance of screening for diabetes and of the provision of health care prior to diagnosis of diabetes. The benefits of screening originate from earlier diagnosis and treatment of diabetes, thereby postponing or preventing progression to diabetes complications. The few studies that have examined the cost-effectiveness of screening for Type 2 diabetes have focused on patients who present themselves to physicians and who are screened during an already scheduled physician visit. [13] [14] [15] There may be a role for pharmacists to contribute to targeted screening by informing people about Type 2 diabetes and encouraging high-risk people to visit a physician to be screened. 16 Another way in which community pharmacy may aid screening for diabetes is the analysis of patient drug use and costs. Drug use might reveal endocrinological changes and help to identify indicators for active monitoring for Type 2 diabetes. Drug use is also being used in risk algorithms to predict the risk of developing Type 2 diabetes, such as anti-hypertensives and steroids in the QDScore. 17 Such factual evidence can be used by health authorities as an incentive to promote preventive measures to lower the incidence of diabetes and to avoid additional costs related to drugs.
The aim of this study is to assess whether patients with Type 2 diabetes mellitus have higher drug use and costs as compared to patients without diabetes over a time period prior to and after diagnosis of diabetes in a community-based cohort of individuals. This study will add specific drugs to a checklist to select high-risk patients and enhance the yield of preventing or postponing the onset of Type 2 diabetes mellitus.
Design and Methods

Data sources
In Belgium, community pharmacies generally transfer data on reimbursed drugs to the reimbursement department of a regional pharmaceutical society. The pharmaceutical society checks these data and then forwards them to the various health insurance funds and ultimately to the National Institute for Health and Disability Insurance, the Belgian third-party payer, for reimbursement purposes. Our study drew on patient-level data on reimbursed drugs transmitted by 275 community pharmacies in the Belgian province of Limburg to the the Royal Pharmaceutical Society of Limburg (Koninklijk Limburgs Apothekers Verbond). In order to comply with privacy rules, data were anonymised by the Royal Pharmaceutical For each experimental patient, two control patients were randomly selected from all patients who had never used insulin or oral hypoglycaemic drugs. The community pharmacy database contained data on age and gender of patients (but unfortunately not on other patient characteristics or clinical indicators) and provided a complete overview of the medicines used. Therefore, experimental and control patients were matched in terms of fiveyear age bands, gender and quarter of index date (referring to the date of the first oral hypoglycaemic drug in the experimental group or the analogue date in the control group). We ensured that every control patient had a twoyear drug record prior to and a one-year drug record following the index date of the matched experimental patient. Therefore, inclusion was restricted to those patients who used at least one reimbursed drug every year throughout the entire study period (2004) (2005) (2006) (2007) . In this study, year-1 and year-2 do not refer to calendar years but to the first and the second 365-day period preceding the first oral hypoglycaemic drug, respectively. year-1 refers to the first 365-day period following the first oral hypoglycaemic drug.
Study design
A mixed study design was used consisting of a repeated measures analysis nested in a casecontrol analysis ( Figure 1 ). The repeated measures analysis explored the mean volume of drug use and costs in experimental patients during the two years prior to diagnosis and the first year following diagnosis and in control patients during the three consecutive years.
The case-control design allowed us to eliminate changes that would have occurred in the absence of diabetes and provided a further control against secular changes in prices and treatment guidelines over time. Furthermore, to compensate for possible seasonal changes in drug use and costs, experimental and control patients were matched by quarter of index date.
Drug use and costs
For each patient, drug use was registered according to the ATC (Anatomical-Therapeutic-Chemical) classification system, which is based on the organ or system on which drugs mainly act and in subcategories according to substance class. Analyses were performed for all ATC codes together and per ATC group. ATC groups were selected based on possible co-morbidities associated with diabetes as described in the literature. [18] [19] [20] [21] [22] [23] [24] [25] Volume of drug use was expressed as the number of packages consumed by the individual patient. Costs of drug were reported as the public price (i.e. third-party payer reimbursement and possible patient co-payment) at delivery date and were expressed in Euro. Costs were not standardized to a reference year as drug prices remained relatively constant during the study period. No data were available on over-thecounter drugs or drugs that are not reimbursed by the Belgian third-party payer.
Statistical analysis
A repeated measures ANOVA was performed to explore mean annual drug use and costs in patients with and without a future diagnosis of diabetes over the three-year study period. To reduce positive skew and inequality of variances, a logarithmic transformation was applied to the original dataset. Additionally, pvalues were corrected according to Greenhouse-Geisser. For each separate year, use and costs of drug between experimental and control patients were compared using the MannWhitney U-test. Within the experimental group, drug use and costs were contrasted prior to and following diagnosis of diabetes using a Wilcoxon test. Data were analysed in SPSS 16.0 for Windows.
Results
Our dataset covered 2,697 patients, consisting of 899 experimental patients and 1,798 control patients. Mean age at index date was 57 years. Fifty-one percent of patients were male. The demographic characteristics of the patient sample are described in Table 1 .
Mean total number of packages and costs of drugs in experimental patients and control patients over three years is presented in Figure 2 . There was a significant effect of time, indicating that the mean annual number of packages and costs of drugs increased over the three observed years for experimental patients and for control patients (P<0.001). Additionally, a significant interaction effect was observed between time and study group. Article Table 2 . Number of packages and costs of drugs in experimental and control patients by study year.
Article
Year This means that the effect of time on the mean annual number of packages and costs of drugs differed between experimental patients and control patients (P<0.001). In patients with a future diagnosis of diabetes, the growth in drugs over the years was more pronounced than in control patients. Figure 2 also shows that the number of packages and costs of drugs for experimental patients increased in the first year following diabetes diagnosis as compared to the period prior to diagnosis. Finally, no significant interaction was found between time, study group and gender. This indicates that the effect of time on the number of packages and costs of drugs in the experimental group and the control group did not significantly differ between men and women. Table 2 outlines the mean annual number of packages and costs of selected ATC drug classes by study year for experimental and control patients. For the two years prior to diagnosis of diabetes, the mean total number of packages and costs of drugs in patients with a future diabetes diagnosis exceeded the annual number of packages and costs of drugs in control patients (P<0.001).
One year prior to diagnosis, patients with a future diagnosis of diabetes used significantly more cardiovascular drugs than control patients, including drugs for cardiac therapy (P<0.001), drugs for the treatment of hypertension (P<0.001) (i.e. antihypertensives, diuretics, beta blocking agents, calcium channel blockers and agents acting on the reninangiotensin system), antithrombotic agents (P=0.026 for number of packages and P=0.33 for costs) and lipid-modifying drugs (P<0.001), both in terms of number of packages and costs (Table 2) . Additionally, patients with a future diagnosis of diabetes took more antidepressant drugs (P=0.001 for number of packages and P<0.001 for costs), antipsychotic drugs (P=0.003 for number of packages and P=0.002 for costs) and drugs related to gastric acid disorders as compared to control patients (P=0.023 for number of packages and P=0.035 for costs). With respect to anti-inflammatory and antirheumatic drugs, a greater use of these drugs was observed in terms of number of packages (P=0.037), but not in terms of costs (P=0.076). Significant differences were also found for antimycotics for systemic use and drugs for bone diseases. However, the absolute number and costs of these drugs were low.
Similar findings were noted for the second year preceding diabetes diagnosis (Table 2) . At two years prior to diagnosis, both the number of packages and the costs of cardiovascular drugs (P<0.001), antipsychotic drugs (P<0.001) and antidepressant drugs (P<0.001), drugs for acid related disorders (P=0.005 for number of packages and P=0.006 for costs), anti-inflammatory and rheumatic drugs (P<0.001) were higher in the experimental group as compared to the control group. Additionally, a higher number of packages and costs of opioids (P=0.007) and antibacterials for systematic use (P<0.001) was observed in patients with a future diagnosis of diabetes as compared to control patients in the second year prior to diagnosis.
For patients with a future diagnosis of diabetes, the mean number of packages and costs of drugs in the first year following diagnosis was compared with drugs in the last year prior to diagnosis (Table 2 ). Following diagnosis, diabetic patients used significantly more lipid modifying agents (P<0.001), antithrombotic agents (P<0.001), opioids (P<0.001) and drugs for the treatment of hypertension (P<0.001) as compared to the last year prior to diagnosis, both in terms of number of packages and costs. Examining the various drug classes for the treatment of hypertension, the largest growth was noticed for agents acting on the renin-angiotensin system. The mean annual number of packages following diagnosis exceeded the annual number of packages prior to diagnosis by more than 1.5 times (2.32 vs. 1.43). A higher use was also reported for calcium channel blockers (0.97 vs. 0.72) and beta blocking agents (3.39 vs. 2.83). With respect to drugs for acid related disorders, a significant increase in the mean total number of packages was observed following diagnosis (1.01 vs. 0.82). However, this was not the case for mean annual costs.
Discussion
This study compared the use and costs of drugs in patients with a future diagnosis of Type 2 diabetes mellitus and in patients without a future diagnosis. This observational, retrospective study drew on drug use data that reflect actual clinical practice in the community.
Although use and costs of drugs increased over time for all patients, this growth was more pronounced for patients with a future diagnosis of diabetes than for control patients. Patients with a future diagnosis of diabetes appear to have higher drug use and costs, not only during the first year following diagnosis but also during the two years preceding diagnosis. This effect was mainly observed for cardiovascular drugs, antidepressant and antipsychotic drugs, and drugs related to gastric acid disorders. This study has demonstrated that patients use more medication prior to becoming diabetic as compared to controls, free from diabetes during the whole study period.
The reader should be aware of the characteristics of our study sample. Patients suffering from Type 2 diabetes mellitus were identified by their use of oral hypoglycaemic drugs such as metformin, sulfonylurea, glinides and glitazones. However, metformin may also be prescribed for patients with polycystic ovary syndrome, but this is likely to involve a small number of patients. 7 Also, our sample of cases with a future diagnosis of diabetes may have included patients with undiagnosed diabetes, patients with pre-diabetes, and patients with gestational diabetes. Such patients have impaired fasting glucose and/or impaired glucose tolerance, conditions where blood glucose levels are higher than normal. 27 Previous research has indicated that general practitioners pay little attention to the clinical significance of impaired glucose tolerance and, thus, may fail to diagnose such patients. 28 Since the sample enrolled patients who used at least one prescription drug per year, the control group may have higher morbidity than the Belgian population that does not take drugs. As higher drug use and costs were observed when comparing patients with a future diagnosis of diabetes with a control group of patients who take drugs, we would expect this result to be corroborated when comparing patients with a future diagnosis of diabetes with a healthy control group. Finally, the community pharmacy database contained little information about demographic characteristics of patients. Our study found that the association between drug use and the future diagnosis of diabetes did not vary between men and women. Future studies need to explore whether there is an interaction with other demographic or socioeconomic variables.
There is a need for more research into the causes of the association between the future diagnosis of diabetes and drug use. For instance, the higher use of beta-blocking agents by patients with a future diagnosis of diabetes may derive from the fact that betablocking agents can cause an increase in fasting blood glucose and impaired glucose tolerance. 27 Also, future studies may wish to replicate this analysis for specific subgroups of patients prior to, or already suffering from Type 2 diabetes mellitus, such as for example diet-controlled diabetes. Furthermore, the question can be asked what difference between experimental and control patients must exist to start active monitoring for diabetes? This study did not intend to specify the size of the difference between experimental and control patients that would trigger active monitoring for Type 2 diabetes mellitus. Instead, it served to identify indicators for active monitoring that could be derived from community pharmacy databases.
In conclusion, patients with a future diagnosis of diabetes have higher drug use and costs prior to diagnosis than control patients. The study points to the potential role for community pharmacists to follow up drug indicators for active monitoring of diabetes and eventually to encourage high-risk people to visit a physician to be screened.
